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FLIGHT TESTS TO DETERMINE THE DRAG OF FIN-STABILIZED
PARABOLTC BODIES AT TRANSONIC AND SUPERSONIC SPEEDS

By Sidney R. Alexander, Ieo T. Chauvin,
and Chasrles B. Rumsey

SUMMARY

Parebolic bodles of revolution of two finemess retlos were flight—
tested 1n the transonic and supersonic range by the use of rocket pro—
pulsion. The basic parabolic shapes were of fineness ratios 10 and 15.
Onitting the rear portion of the parsbola of revolution to provide for
the rocket Jet resulted in actuel body fineness ratios of T.87 and 12.

The models were stabllized by tail fins mounted at the base of The bodles.

. The model of fineness ratlio T.87 was tested over a Mach number
range of 0.58 to 1.19, and that of fineness ratlioc 12 over a range

of 1.16 to 2.58. Curves of measured total drag coefficlent plotted
agalinst Mach number are presented. Total drag coefficients for several
Mach numbers, as computed prior to the tests, sre included in order

to 1ndicate the reasonsble eccurecy that cen be expected from such
predictions.

The tests aelso proved the effectiveness of & simple "drag—
separetion” type booster arrengement.

INTRODUCTION

As part of the NACA progrem to investligate body shapes suitable for
supersonlc £light, the Langley Pilotless Aircraft Research Division has
underteken & progrem using the rocket—powered flight—test technique to
determine the aserodynamic characteristics of two fin—stabilized, parebolic
bodies of revolution. The body flneness ratios were chosen so as to
meke the experimentsel data comparsble with results presented in a theo—
retical Investigatlion of the drag of psrebolic bodles at supersonic
speeds (reference 1). The basic parabolic shapes were of fineness
ratios 10 and 15. Omitting the rear portlon of the parabola of revolu—
tlon to provide for the rocket Jet resulted in actual body fineness
retios of 7.87 end 12.

The purpose of the tests described hereln was to determine the drag
cherascteristics of the two models and incldentally prove the effectiveness
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of a simple "drag-ssparation” type booster arrangement. Thils paper

presents the drag characteristics of blunt—ended, fin—stabilized,

parabolic bodies of fineness ratiosT7.87 and 12 for a Mach number range x
of 0.58 to 1.19 and 1.16 to 2.58, respectively. The values of total

drag coefficlent are compared at several Mach numbers with those determined

from an independent estimation based on a prudent selection of pertinent
theoretical and experimsntel litersture.

The £light teste were conducted by Langley Pllotless Alrcraft
Research Division at ite testing stetlion at Wallope Island, Va.

MODETLS

Two models of each configuration were constructed. Thess mocdels will
be designated "A" and "B." Ths bodies were of parabolic—arc profile with
ons end cut off to allow rocket-motor exhaust. Each body was stabllized
by three untapered, 60° sweptback fine smploying circulsr—erc sections
equally spaced around ths stern. The two models of the fineness-ratio T7.87
configuration were similer and were about 60 inches long and of all wooden -
construction. The fin thickness ratio +/c, measured normal to the
leading edge, was 10 percenmt. The models of the fineness—ratio 12 con—
figuration were about 65 inches long and of wood and metal construction. -
The A model fin thickmess ratio, for structural reasons, was 20 percent
normal to the leadling edge. TFor the B model, however, the fins were
reduced to a thickness ratlo of 10 percent. Figure 1 shows the general
arrangement of the model configurations.

All models wore propelled by 3.25-~inch ME~T eircraft rocket motors.
TESTS

Thes testing technlique wes 1ldentlcal to that described in reference 2.
The two similer models of the smeller fineness—ratlo bodies were launched
from a zero—length-type launcher set at an elevation angle of 80°. (See
figs. 2 and 3.) Ths purpose of Piring two models was to insure the
consistency of ‘the veloclty data secured by tracking ths models wilth a
Doppler velocimeter reder unit located near the launching site.

The fineness—ratio 12 model A was launched in the seme manner as
the two models of the smsller finemness ratio bodies. (See fig. 3{(b).)
In order to attaln higher Mach nuwbers than those attained for the
A model, the B model was launched under the power of a 5—inch, light—
wolght, high—veloclty aircraft-rockéet-motor booster. Thls booster was .
attached to the model by a simple finger—type arrangement (fig. 4) and,
et the cessatlon of thrust, separeted under application of 1lts own drag
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and /or the sustaining rocket motor's thrust. A view of this model on
i1ts launcher 1s shown as figure 5. Both models were tracked in flight
with the Doppler velocimeter.

The density and speed of sound for the determination of the drag
coefficlent and Mach number were obtained from radliosonde observetions
mede at the time of firing.

The verlation of the test Reynolds number (based on body length)
with Mach number is presented in figure 6 for both model configuratioms.

A1l launchings and flights were satisfactory. The performance of
the drag—separation type booster indlcated the practicablllty of this
type for use with small high-speed test vehlcles.

RESULTS ANRD DISCUSSIOR
Experimental Results

The velocity—~time curves, as obtalned from the data secured by the
radar unit, are presented in figure T for the two fineness-ratioc con~—
Plgurations. The small difference between the curves for the flneness—
retlo 7.87 configuration can be attributed to slight differences in welght
" and motor performance. By graphlcally differentisting the velocity—time
curves from beyond the maximm veloclty point and taking into account
the atmospheric condltlons and the welght of the model after the
propellant had been expsended, values of dreg coefficlent, based on
maximm frontal area exclusive of the fins, were calculated. These
results are presented in flgure 8 Pfor the two body fineness ratios
investigeted. Considering the curves for the A and B models of the
7.87—f1ineness—ratio configuration (fig. 8(e)) which should be comparable,
1t can be seen that, although the curves dlverge at the higher Mach
numbers tested, the agreement between the curves 1s good and in kesping
with the accurecy of this general technique as ascerteined in reference 2.

Exemination of figure 8(b) reveals an increment in drag coefficient
between the A and B models of the fineness—ratio 12 configuration that
can be meinly attributed to difference 1n fin—proflle thickness between
the models and 1s of the order predlcted by the two—dimensional theory.
The slight rilse in the curve of the B model near e Mach number of 1.5
can be attributed to the fins. For the case of an isolated fin, the
rise should occur at & Mach number of 2.0 for 60° of sweepback (when the
Mach line lies on the leading edge),but in this case, because of the
increased veloclty over the fins due to their locatlon on the body, this
condition occurs at a lower free—stream Mach number as 1s indlcated.
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Dreg Estimates

Previous to the firings, an estimate of the total drag of each
tested configuration was made using generally avallable pertinent
literature. The purpose was to cbtaln some indicetion of the degree of
accuracy to be expected from what might be comnsidered a flrat—order
approach towards estimeting the total drag of flight configurations at
gupersonic speeds. No attempt was mede to estimate the drag cocefflcients
by the outlined method at e Mach number lower than 1.2 since in this
renge the valldity of the linearized theory becomes questlonsble.

The estimate was obtained in the following menner:
Body pressure drag.— The pressure drag over the surface of the

bodles was calculated from the surface pressure dlstridbution which was
arrived at by the method outlined In reference 1.

Body viscous drag.— The viscous drag coefflcient was obtained from
reference 3 using the assumption of a laminer boundery layer over the
forward 30 percent of the body and a turbulent boundery layer over the
remeining part. A check of the order of magnitude of the result was
obtained from reference L. Assuming a turbulent boundary layer over the
entlire body would result in an Increase of 25 percent in vliscous drag
coefficlent.

Bage pressure drag.— In estimating the base pressure for fineness—
retio T.87 models, comparable bodles of references 5 and 6 were consldered
in order to ascertain the effect on base pressure of the relatively low
Reynolds numbers of reference 5. 8ince the effect appesred to bhe
negligible, base pressure obtalned froam tests of a body compareble to
that belng conslidered was used directly from reference 5.

In estimeting the base drag for fineness—ratio 12 models at the
higher Mach numbers reached by thls confligurstlion,approximations of base
pressure were obtalned from the Boelng Aircraft Company.

The values of base pressure coefficlents were converted to drag
coefficlents based on the respectlive body frontal asreae, exclusive of
the fins.

Fin drag.— The fin dreg for fineness—ratio 7.87 models was based
on ‘the experimentel dats of reference 7. No attempt was made to estimate
the body~fin interference effects due to the uncertainty of these condi-
tions, and it was further felt that the difference to the fin drag and
perticularly the totel drag, realized by attempting to teke into account
these Iinterference effects, would not be in keepling with the objective
of these estimates.
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The fin drags for fineness—ratio 12 models were calculeted using the
methods presented in references 8 and 9 after determining the velocity
field around the fins from referencs 1.

The comparison obtalned between the results of the experimental
flight tests and the independent drag estimates 1s presented in figure 9.
Examination of the figure reveals a dlscrepancy between the estimated
and experimental total drag coefficient values of sbout 14 percent for
the fineness—ratio 7.87 configuration. For the fineness—ratio 12 con—
figuration the discrepancy between the estimsted and experimentel values
is ebout 12, 9.5, 10, and 1.5 percent at Mach numbers of 1.2, 1.5, 2.0,
and 2.5, respectlvely, These results, in gensral, indicate that the
components of drag for a fin—eatabllized body in the supersonic range can
be celculated with sufficlent accuracy for flrst-ocrdsr approximations
by the use of exlsting date.

CONCLUDING REMARKS

Experimental velues of the total drag coefficients were cobtalned for
fin—stabilized, blunt—ended, parsbolic bodies of revolution of fineness
ratios 7.87 and 12. Values for the fimeness—ratio T7.87 configuration were
obtained through a Mach mmber renge of 0.58 to 1.19, and for the fineness—
ratio 12 configuration through a Mach nimber range of 1.16 to 2.58.

Comparison of the experimental values of drag coefficient and the
estimated values calculated prior to the tests show that the components
of drag for a fin—stabllized body in the supersonic range can be calculated
with sufficient accuracy for preliminsry design by the use of exlsting
theoretical and experlimental dete.

Iangley Memoriel Aeronsutical Isboratory
National Advisory Commititee for Aeronautics

Langley Fleld, Va.
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(2) Fineness-ratio 7.87 model.

.Figure 3.- Views of models in launcher,
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(b) Fineness-ratio 12 ¢‘A’’ model.

Figure 3.- Concluded.
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Figure 5.- View of fineness-ratio 12 ¢‘B’’ model in launcher.
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